Welcome to this special issue of The International Journal of Robotics Research (IJRR) featuring papers from the eleventh Robotics: Science & Systems conference (RSS 2015) , which was held in July 2015 at the Sapienza University, Rome, Italy. In this issue you can find extended versions of six papers carefully selected from the RSS 2015 proceedings. We hope that you will find the papers informative and enjoyable, as the results therein represent some of the most fore-front research in robotics.
Understanding robot dynamics is fundamental to robot design and control. We begin with the paper ''Quantitative measures of a robot's physical ability to balance'', by Roy Featherstone. The work introduces quantitative measures of a robot's physical ability for active self-balance on a single point, line or area of support. These measures are an expression of the ratio of a change in the state of motion of the robot's center of mass to the amount of action required at the actuated joints in order to produce this change, representing measures of the gain of the robot mechanism as seen from the point of view of the balance control system. The work is focused on ratios of velocities, called velocity gains, and shows how these ratios can be defined and calculated for the case of a general planar or spatial robot balancing on a point, line or general rolling contact, or an area contact with a compliant surface. Three examples of use are presented: the design of a triple pendulum, the analysis of a hydraulic quadruped, and the expression of the physics of planar balancing.
A robot must understand not only its own dynamics but also the world around it. The paper ''ElasticFusion: Realtime dense SLAM and light source estimation'', by Thomas John Whelan, Renato F. Salas-Moreno, Ben Glocker, Andrew J. Davison, and Stefan Leutenegger, presents an incremental real-time dense visual simultaneous localisation and mapping system capable of producing globally consistent maps using an RGB-D camera. ElasticFusion combines dense frame-to-model camera tracking and windowed surfel-based fusion, with frequent model refinement through non-rigid surface deformations. Local model-tomodel surface loop closure optimizations bring the model close to the mode of the map distribution. Global loop closure also allows recovering from arbitrary drift and maintains global consistency. A novel approach to real-time discrete light source detection allows detecting numerous light sources in indoor environments during exploration. Through many different environments and lighting configuration examples, the authors show that ElasticFusion enables more realistic augmented reality rendering, richer scene understanding, and more accurate and robust photometric tracking.
The paper ''Hilbert maps: scalable continuous occupancy mapping with stochastic gradient descent'', by Fabio Ramos and Lionel Ott, proposes a new technique, named Hilbert maps, for environment representation through continuous occupancy mapping that improves on the popular occupancy grip maps in that it does not assume an a priori discretisation of the world into grid cells, and therefore can provide maps at an arbitrary resolution, and also in that it captures statistical relationships between measurements naturally, thus being more robust to outliers and possessing better generalisation performance. Hilbert maps are based on the computation of fast kernel approximations that project the data in a Hilbert space, where a logistic regression classifier is learnt. The authors show that this approach allows for efficient stochastic gradient descent optimization, each measurement is only processed once during learning or online updates. Results are presented with three types of kernel approximations, Random Fourier, Nystrom and a novel sparse projection. The authors also show how to extend the approach to accept probability distributions as inputs, such as when there is uncertainty over the position of laser scans due to sensor or localisation errors. Experiments demonstrate the benefits of the approach in popular benchmark datasets with several thousands laser scans.
Closely related with mapping is filtering. The paper ''A new perspective and extension of the Gaussian Filter'', by Manuel Wuthrich, Sebastian Trimpe, Daniel Kappler and Stefan Schaal, provides new insights to extend one of the most widely used filtering algorithms, the Gaussian Filter. The authors show that the representation of the belief of the current state by a Gaussian, with the mean being an affine function of the measurement, may be too restrictive to accurately capture the dependences in systems with nonlinear observation models, and investigate how the Gaussian Filter can be generalized to alleviate this problem. An analysis on how restrictions on the form of the belief can be relaxed while maintaining simplicity and efficiency provides a basis for generalizations of the Gaussian Filter. One such generalization is proposed, which coincides with a Gaussian Filter using a virtual measurement, obtained by applying a nonlinear function to the actual measurement.
Numerical experiments show that the proposed filter can have a substantial performance advantage over the standard Gaussian Filter for systems with nonlinear observation models.
Decision making and planning provide one key capability for robot autonomy. The paper ''On the hardness of unlabeled multi-robot motion planning'', by Kiril Solovey and Dan Halperin, studies the problem of multi-robot motion planning from a theoretical angle. Several interchangeable robots operate in a common workspace with the goal of moving the robots to a set of target positions such that each position will be occupied. The work focuses on the specific case of unit-square robots moving amidst polygonal obstacles. The authors show that this problem is PSPACE-hard, the first hardness proof for the unlabeled case. The authors consider three additional variants of this problem, and show that all are also PSPACE-hard. The authors also show that the labeled variant (where each robot is assigned a specific target position), again, for unitsquare robots, is PSPACE-hard as well (previous hardness results require the robots to be of different shapes or at least in different orientations). Finally, with respect to the open problem regarding the complexity of the well-known Rush-Hour puzzle for unit-square cars in environments with polygonal obstacles, the authors also show that it is PSPACE-hard.
While often studied separately, perception and planning must be integrated for robust robot performance in an uncertain world. The paper ''Policy search for multi-robot coordination under uncertainty'', by Christopher Amato, George Konidaris, Ariel Anders, Gabriel Cruz, Jonathan P. How and Leslie P. Kaelbling, presents a principled method for multi-robot coordination based on a generic model of multi-robot cooperative planning in the presence of stochasticity, uncertain sensing and communication limitations. The authors describe a new planning algorithm that searches over policies represented as finite-state controllers, rather than the existing policy tree representation. This allows finite-state controllers to be much more concise than trees, to be much easier to interpret, and allows operation over an infinite horizon. The simulator for the resulting policy search algorithm is substantially simpler, modelling only the outcomes of executing a given set of motor controllers, not the details of the executions themselves. It can also solve significantly larger problems than existing planners. The method shows significantly improved performance over previous methods for multi-robot tasks.
The diversity and the depth of these papers showcase the richness of our field. If you like what you read here, you may want to continue on to the sibling RSS 2015 special issue, published by Autonomous Robots.
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